The purpose of the study is to examine the causal nexus between various sources of energy consumption, viz. Coal, Crude Oil, Electricity and Natural Gas, CO2 emissions, economic growth and trade in India using the Perron unit root test, Gregory and Hansen cointegration test and Vector Error Correction Model. The study exhibits a long-run relationship between various sources of energy consumption, economic growth, CO2 emissions and trade in India. By and large, the empirical results confirm that economic growth fuels rate of various sources of energy consumption i.e. coal, crude petroleum, electricity and natural gas. The findings reveal that increase in CO2 emissions leads to achieve high level of economic activity in India. In addition, the study finds that foreign trade influences the various sources of non-renewable energy consumption in the longterm. However, the energy consumption do not significantly contributes towards promoting foreign trade, except crude petroleum, in the short-run. Energy plays a crucial role in the socio-economic development and human welfare of a country. It has become a strategic commodity and any uncertainty about its supply can threaten the working of the economy, especially in the developing economies. Energy security, as a strategic perspective, is of importance to India's economic growth and achieving human development objectives such as the alleviation of poverty and unemployment. India is the seventh largest energy producer and the fifth largest energy consumer in the world. However, among the other countries, India has one of the lowest per capita energy consumption levels at 30 percentage of the world average. Also, energy supply in India falls short of the growing demand within the country. Even when energy is apparently available, it is unreliable and irregular. Over the last two decades, the Indian economy has grown at a constructive rate and the sustained economic growth in the country is placing an enormous demand on its energy resources. But, due to the existence of imbalance between demand and supply for all the sources of energy, the Government of India has been tasked to boost energy supplies before the country faces potentially severe energy supply constraints. Besides, the Indian government has realised the importance of reducing its greenhouse gas emissions as its contribution to a worldwide attempt to limit global warming. By 2020, India's mission is to reduce its greenhouse gas emissions per unit of economic output by 20-25 percentage when compared to the levels in year 2005, in keeping with the Copenhagen Accord.
Introduction
Energy plays a crucial role in the socio-economic development and human welfare of a country. It has become a strategic commodity and any uncertainty about its supply can threaten the working of the economy, especially in the developing economies. Energy security, as a strategic perspective, is of importance to India's economic growth and achieving human development objectives such as the alleviation of poverty and unemployment. India is the seventh largest energy producer and the fifth largest energy consumer in the world. However, among the other countries, India has one of the lowest per capita energy consumption levels at 30 percentage of the world average. Also, energy supply in India falls short of the growing demand within the country. Even when energy is apparently available, it is unreliable and irregular. Over the last two decades, the Indian economy has grown at a constructive rate and the sustained economic growth in the country is placing an enormous demand on its energy resources. But, due to the existence of imbalance between demand and supply for all the sources of energy, the Government of India has been tasked to boost energy supplies before the country faces potentially severe energy supply constraints. Besides, the Indian government has realised the importance of reducing its greenhouse gas emissions as its contribution to a worldwide attempt to limit global warming. By 2020, India's mission is to reduce its greenhouse gas emissions per unit of economic output by 20-25 percentage when compared to the levels in year 2005, in keeping with the Copenhagen Accord.
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Page 2 Given India's growing demand for energy, high dependence on fossil fuels and limited reserves of fuels, India uses the main sources of energy such as coal and lignite, crude oil, petroleum products and natural gas, etc. The Indian economy is highly dependent on coal energy. Coal contributed to about 52.87 percentage of the total primary energy consumption in the country during 2010-11. Figure 02 indicate that Indian economy was the fourth largest consumer of oil in the world after USA, China, and Japan and accounted for 4 percentage of the world oil consumption during the year 2011-12. In terms of consumption of petroleum products, the transport sector is the largest and the fastest-growing consumer in India, accounting for 39 percentage of petroleum products consumed, followed by residential and commercial and industry sectors (TERI Energy Data Directory and Yearbook, 2012) . Moreover, the other important energy resources of India are natural gas and electricity. Natural gas accounts for 10 percentage of primary energy consumption in India (British Petroleum, 2012) . According to British Petroleum Statistics 2012, India has eleventh position among natural gas consumers of the world. In the case of electricity, the country has made significant progress towards the augmentation of its power infrastructure. Though, the growth in electricity consumption over the past decade has been slower than the GDP's growth, this increase could be due to high growth of the service sector and efficient use of electricity. However, it is a matter of concern that per capita consumption of electricity is among the lowest in the world. Moreover, poor quality of power supply and frequent power cuts and shortages impose a heavy burden on India's fast-growing trade and industry.
Over the years, there has been increasing concerns about shortage in energy supply, rise in energy use and climate change. With increasing pressure of population and increasing use of energy in different sectors of the economy, India's greenhouse gas (GHG) emissions have also been increasing. India is now the fourth largest emitter of GHGs in the world, after the USA, China, and Russia. With regard to longer term action on global warming, India hasalong with all other parties to the United Nations Framework Convention on Climate Change (UNFCCC) -pledged its support for the Durban Platform on enhanced cooperation, whose aim is a global agreement on climate change, to be effective from 2020, and most likely with long term binding targets for a range of developed and emerging economies alike. In order to be prepared for the challenges of limiting emissions growth over the coming decades, attention in India's energy community is now beginning to focus on how the economy could lower their carbon intensity over the long term. Several other initiatives have also been undertaken and are planned to tackle climate change and reduce energy consumption without compromising economic activity in India. Our study attempts to empirically investigate the relationship between energy consumption, environmental degradation or pollution emissions and economic growth in India.
Due to the increasing threat of global warming and climate change, several authors attempt to examine the relationship between energy consumption, environmental degradation and economic growth. The main focus of this line of research has been on the Environmental Kuznets Curve (EKC) or what is called as Carbon Kuznets Curve (CKC) hypothesis. The supposition of the hypothesis is such that initially as per capita income rises environmental degradation exaggerates, but after achievement of a critical level of economic growth it tends to fell down. Therefore, as Rothman and De Bruyn (1998) argues that economic growth may become a solution rather than a source of the problem. This may be either due to increase in the demand for environmental quality as economies grow (Lantz and Feng, 2006) or the possible energy saving because of the increasing awareness among the people regarding the harmful impact of environmental pollution.
The conservation of energy could ensure energy security and lower the emission of greenhouse gases. The implementation of energy conservation policies requires careful investigation. Hence, an increased interest has been placed on the nature of the relationship between energy consumption and economic development because understanding the path of causality will aid in shaping environmental and energy policies. From the supply-side point of view, if energy consumption causes economic development, this implies that the economy is dependent on energy and a low or falling supply of energy would adversely affect income. This is referred to as the growth hypothesis. Energy conservation policies would lead to a fall in output. From the demand point of view, if economic development causes energy consumption this implies that the economy is less dependent on energy. This is referred to as the conservation hypothesis. Energy conservation policies such as the phasing out of energy subsidies can be implemented with little or no adverse effects on income. If no causal relationship exists between energy consumption and economic development, energy conservation policies can be implemented without having an unfavourable effect on output. This is referred to as the neutrality hypothesis. If bidirectional causality is discovered between energy consumption and economic development this implies that economic development and energy consumption are complementary. This is referred to as the feedback hypothesis. Energy policies should focus on improving energy consumption efficiency to avoid adverse effects on income. The long-run relationship between energy consumption and economic development and the direction of causality can differ from country to country because of country-specific conditions and methodological differences. Variations may also be due to omitted variable bias or the absence of input substitution possibilities.
It has also been postulated that trade plays a significant role in the economic growth of a country as exports are injections into the economy. Exports have a spill-over effect on the production process of the economy which contributes to greater total productivity. Additionally, through greater specialisation, a country can benefit from economies of scale and comparative advantage. An adequate infrastructure, such as the provision of energy is increasingly recognized as a key factor in providing a suitable environment for industrial and economic development and exports. Production for export from the industrial sector depends on the level of energy consumption by the sector. The equipment and machinery employed in the production process are dependent on energy for their functioning. Additionally, transporting goods for export requires energy too.
From the theoretical arguments, it is clear that the economic growth, energy consumption and CO2 emissions and trade are interdependent. The direction of causality between economic growth, energy consumption and CO2 emissions is important for the implementation of related policies. If, for example, energy consumption causes economic growth, the country would have to implement expansive energy policies. If energy use causes CO2 emissions, then the country would rather have to invest in increasing energy efficiency in order to decrease emissions without negatively impacting economic growth. On the other hand, if economic growth causes energy consumption, then conservative energy policies can be implemented without any adverse effect on economic growth. If there is no causality between these variables, then the country will have to implement separate policies to affect the levels of the individual variables as a change in the levels of one of the variables will have no impact on the other variable. Finally, if there is bidirectional causality between any of these variables, then they are mutually affected and policies need to take into consideration that any change in one will impact the other.
Review of literature
The linkage between economic growth, energy consumption and CO2 emission has been categorized into three research strands in empirical literature. The first strand focuses on the environmental pollutants and economic growth nexus. The literature on environmental quality and economic growth study mainly focuses on the testing of the existence of environmental Kuznet's curve (EKC). The pioneering work of Kuznet (1955) which claimed for an inverted U-shaped relationship between economic growth and income inequality has been later reformulated to test similar inverted U relationship between economic growth/income and environmental quality. The EKC hypothesizes an inverted U-shaped relationship between (per capita) income and pollution levels, i.e. environmental quality first deteriorates and then improves with per capita income. In this context, Grossman and Krueger (1991), Shafiq (1994) , Heil and Selden (1999) , Friedl and Getzner (2003) , Dinda and Coondoo (2006) , Ang (2007) , Acaravci and Ozturk (2010) , Pao and Tsai (2011) among others attempted to test the existence of EKC for different economies. The results of such research are however contradictory and in many cases researchers failed to establish the inverted U-shaped relationship with real life data.
A second strand looks at the link between energy consumption and output, suggesting that energy consumption and output may be jointly determined and the direction of causality between these two variables needs to be tested. In their pioneering work, Kraft and Kraft (1978) used annual U.S. data from 1947 to 1974 to study the relationship between gross national product (GNP) and gross energy inputs. They discovered that increased GNP leads to increased energy consumption. Murray and Nan (1992) found that increased economic activity results in increased energy consumption. Cheng and Lai (1997) demonstrated unidirectional relationship from real GDP to energy consumption in Taiwan. Moreover, studies such as Ghosh (2002), Ghosh (2009) and Pradhan (2010) for India, Gelo (2009) for Croatia, Mucuk and Yilmaz (2010) for Turkey, Binh (2011) for Vietnam, Eddrief-Cherfi and Kourbali (2012) for Algeria, Onuonga (2012) for Kenya, Shahbaz and Feridun (2012) for Pakistan, Kwakwa (2012) for Ghana and Ishida (2013) for Japan detected unidirectional causality running from growth to energy use.
On the other side, Lee (2005) found unidirectional causality from increased energy consumption to real GDP growth for the developing countries. Mehrara (2007) for the oil-exporting countries, Narayan and Smyth (2008) for the G7 nations, Sarker et al. (2010) for Bangladesh, Odhiambo (2011) for South Africa, Li and Li (2011), Tiwari (2011) and Vidyarthi (2013) for India, Talebi et al. (2012) for Iran and Acaravci and Ozturk (2012) for Turkey inferred that the energy consumption Granger caused real economic activity. Moreover, several authors detected a reciprocal relationship between energy consumption and economic growth (Glasure and Lee, 1998; Francis et al., 2007 and Chen et al., 2007) . Paul et al. (2004) and Ozturk and Uddin (2012) for India, Apergis and Payne (2011) for the developed and developing nations, Apergis and Danuletiu (2012) for Romania, Sultan (2012) for Mauritius, Yazdan and Hossein (2012) for Nigeria, Salahuddin and Khan (2013) for Australia and Nnaji, et al. (2013) for Iran revealed bidirectional causality between energy consumption and economic growth. Moreover, the studies revealed independent relationship between economic activity and energy consumption (e.g. Akarca and Long, 1980; Erol and Yu, 1987; Jin, 1992 and Cheng, 1996) . Recently, Ocal et al. (2013) detected no causal relationship between coal consumption and gross domestic product in Turkey.
Finally, a third stream of research has emerged, which combines earlier two approaches by examining dynamic relationship between carbon emissions, energy consumption and economic growth. Some of the recent studies using this approach are Soytas et al. (2007) In addition, the authors included the foreign trade variable in their empirical analysis based on the argument that the developed economies would specialize in human or physical capital intensive activities which are less emission intensive than those activities pursued in developing countries. Trade therefore may result in increased pollution in developing countries due to the increased production of these emission-intensive goods in these countries. The study of Grossman and Krueger (1991) is pioneering in this regard while similar research question has also been addressed by Lucas et al. (1992) , Wycko and Roop (1994) , Suri and Chapman (1998) and Anderson et al. (2010) . The results of these studies in terms of the relationship between trade and environmental quality is however inconclusive.
From the existing strands of literature, it can be clear that the direction of causality have been inconclusive in the context of emerging economies like India. Notably, the previous studies with reference to India have addressed the issue of causality using the aggregated energy consumption data, without considering the disaggregated data on various forms of energy consumption. Since the Indian economy depends on the various forms of energy resources such as coal, electricity, natural gas and oil for its economic activity, it is necessary to consider the individual sources of energy consumption in relation with real growth rate of the economy and CO2 emissions. Therefore, the study undertakes an empirical analysis towards verifying this nexus of energy consumption, CO2 emission and economic growth with reference to Indian economy using data on various types of energy consumption for suggesting different policy strategies for different forms of energy demand to bring a balance between consumption and conservation of energy in sustaining and speeding up the growth momentum of the economy.
In this context, our study attempts to examine the causal nexus between various sources of energy consumption, viz. Coal, Crude Oil, Electricity and Natural Gas, CO2 emissions, economic growth and trade in India. The rest of the paper is organized as follows: 'Methodology' section describes the data and methodology applied in the study.
Next section provides the empirical results and discussion followed by the concluding remarks is depicted in the 'Conclusion' Section.
3.0 Data and methodology Perron's (1989) unit root test was employed to infer the stationarity properties of the data series in the presence of a structural break. Besides, Gregory-Hansen (1996) structural break cointegration procedure was applied to investigate the long-run equilibrium relationship between various forms of energy consumption, CO2 emissions, economic growth and trade in India. Further, employing Vector Error Correction Model (VECM), the present study investigates short-run causal nexus between energy consumption, CO2 emissions and economic growth in India. Finally, the study used variance decomposition analysis to show the percentage of forecast error variance for each of the variable selected that may attribute to its own shocks and to fluctuations in other variables.
3.01 Perron (1989) unit root test with structural breaks Fuller (1979, 1981) introduced the idea of a unit root and proposed a standard unit root testing procedure which is popularly known as ADF (Augmented Dickey-Fuller) test of unit root. Until the work of Nelson and Plosser (1982) , the general view was that macroeconomic data series were stationary around a deterministic trend. However, by using the unit root tests of Fuller (1979, 1981) , Nelson and Plosser (1982) found that all historical time series have a unit root except for the unemployment rate. An important implication of their findings is that, under the unit root hypothesis, random shocks have permanent effects on the long-run effects of macroeconomics. In other words, fluctuations are not transitory. However, this finding was challenged by Perron (1989) , who argued that in the presence of a structural break, the standard ADF (augmented Dicky Fuller) tests are biased towards non-rejection of the null hypothesis. Perron's unit root test allows for a break under the null and alternative hypotheses, and he showed that if an exogenous break is present, then most of the macroeconomic time series used by Nelson and Plosser (1982) are not characterized by the presence of a unit root. In addition, he also showed that persistence arises only from large and infrequent shocks, and that after frequent shocks, the economy returns to a deterministic trend. Perron's (1989) procedure is characterized by a single exogenous (known) break in accordance with the underlying asymptotic distribution theory. Perron uses a modified Dickey-Fuller (DF) unit root tests that includes dummy variables to account for one known, or exogenous structural break. The break point of the trend function is fixed (exogenous) and chosen independently of the data. Perron's (1989) unit root tests allows for a break under both the null and alternative hypothesis. These tests have less power than the standard DF type test when there is no break. However, Perron (2005) points out that they have a correct size asymptotically and is consistent whether there is a break or not. Moreover, they are invariant to the break parameters and thus their performance does not depend on the magnitude of the break.
The equations of the Perron unit root test take into account the existence of three kinds of structural breaks and are as follows: (01) represents a model which allows for a break in the intercept of a series. = 0 + * + + −1 + ∑ =1 ∆ −1 + (02) Equation (02) represents a model which allows for a break in the trend of a series. (3) represents a model which allows for a break in both the intercept and trend of a series.
In equations (01), (02) and (03), the intercept dummy DUtrepresents a change in the level; DU =1 if (t >TB) and zero otherwise. The slope dummy DTt(alsoDTt*)represents a change in the slope of the trend function; DT* = t-TB (or DT *= t if t > TB) and zero otherwise; the crash dummy (DTB) = 1 if t = TB +1 and zero otherwise; TB is the break date.
3.02 Gregory and Hansen cointegration for long run relationships with structural breaks The Gregory and Hansen (1996) cointegration test is employed to test for cointegration with the inclusion of a structural break in the cointegrating relationship. The test has the advantage of being able to test cointegration along with the issue of a structural break which can be determined endogenously. Gregory and Hansen (1996) suggest three alternative models accommodating changes in parameters of the cointegration vector under the alternative. The first one (equation 04) is the so-called level shift model (or C model) that allows for the change in the intercept only. The second model (equation 05) accommodating a trend in data also restricts a shift only to the change in level with a trend (C/T model). The last model (equation 06) allows for changes both in the intercept and slope of the cointegration vector (or R/S model).
Equation (04) (04) and (05), μ1 represents the intercept before the shift; μ2 represents the change in the intercept at the time of the shift. Equation (06) denotes the third type of structural change where there is a shift in the slope vector as well in the cointegrating relationship.
In the equation (6), μ1 represents the intercept before the shift; μ2 represents the change in the intercept at the time of the shift; α1 represents cointegrating slope coefficients before the regime shift; α2 represents the change in the slope coefficients. The null hypothesis of no cointegration with structural breaks is tested against the alternative of cointegration by the Gregory and Hansen approach. The single break date in these models is endogenously determined.
The dummy variable which captures the structural change is represented as:
Whereτ ∈ (1, 0) is a relative timing of the change point. Equations (04), (05), and (06) are estimated sequentially with the break point changing.
Vector error correction model
The Vector Error Correction Model (VECM) was employed to investigate the temporal causality between various forms of energy consumption, CO2 emissions, economic growth and trade in India. The Granger Representation Theorem (Engle and Granger, 1987) states that if a set of variables is cointegrated, then there exists a valid error correction representation of the data, in which the short-term dynamics of the variables in this system are influenced by the deviation from long-term equilibrium. In a VECM, short-term causal effects are indicated by changes in other differenced explanatory variables and the long-term relationship is implied by the level of disequilibrium in the cointegration relationship, i.e., the lagged error correction term (ECT). Hence, the Vector Error Correction model is useful for detecting short-and long-term Granger causality tests (Granger, 1969) . The causal nexus between selected time-series variables was investigated by estimating the following Vector Error Correction Model (VECM) (Johansen, 1988 and Johansen and Juselius, 1990 θ4iΔY1t-i + ε1t (11) where, Y1, Y2,Y3 and Y4 represents the various sources of energy consumption, CO2 emissions, Gross Domestic Product (GDP) and foreign trade, respectively. γ'szt-1 is the error correction term derived from the cointegrating vector. θ, λ, ξ and Ʊ are the short-run parameters to be estimated, p is the lag length, and εt are assumed to be stationary random processes with a mean of zero and constant variance.
For each equation in the VEC Model, we employed short-term Granger causality to test whether endogenous variables can be treated as exogenous by the joint significance of the coefficients of each of the other lagged endogenous variables in that equation. The short-term significance of sum of the each lagged explanatory variables (θ, λ, ξ and Ʊ's) can be exposed either through joint F or Wald χ 2 test. Besides, the long-term causality is implied by the significance of the t-tests of the lagged error correction term (zt-1(ECTt-1)). However, the nonsignificance of both the t-statistics and joint F or Wald χ 2 tests in the Vector Error Correction Model indicates econometric exogenity of the dependent variable.
Variance decomposition analysis
Finally, the study applied variance decomposition analysis to show the percentageage of forecast error variance for each of the variable selected that may attribute to its own shocks and to fluctuations in other variables. Information from this analysis should provide some further evidence on the patterns of linkages amongst variables under consideration, as well as contribute to enhancing insights upon how these variables react to system-wide shocks and see how these responses propagate over time. This forecast error can be accounted for by its own innovations and the innovations of other variables in the system. In a statistical sense, if a variable explains most of its own shock, then it does not allow variances of other variables to contribute to it being explained and is therefore said to be relatively exogenous.
In the present study, we have taken annual data over the period from 1970 to 2012. The study comprises of timeseries data on CO2 emissions (metric tons per capita) per capita, real GDP (constant 2000 US$) per capita and openness ratio, a proxy for foreign trade, of the Indian economy. The various forms of energy consumption such as coal, natural gas, crude petroleum and electricity are considered for the study and are expressed as a ratio to GDP in order to measure them as per unit of output. All the necessary information was collected from the various issues of World Development Indicators (WDI) published by the World Bank.
Empirical results and discussion
The conventional Augmented Dickey Fuller (ADF) test was popularly used to check whether the variables contain a unit root or not. However, the conventional ADF method fails to allow for existing breaks in the data series and provides biased and misleading inference towards the non-rejection of the null hypothesis. Hence, the present study employed Perron's (1989) structural unit root test to examine the stationarity property of the data series with a structural break which allows for (i) a break in the level (or intercept) of a series, (ii) a break in the slope (or rate of growth) of a series (or trend) and (iii) a break in the one-time change in both the level and the slope of the series (or intercept and trend). Table 01 report the results of Perron's structural unit root test for the data series on various sources of energy consumption (viz. coal, natural gas, electricity and crude petroleum), CO2 emissions, economic growth and trade. The findings reveal that unit root null for all the series in the presence of structural break are rejected under intercept, trend and intercept and trend function, respectively, and found to be stationary at first differences, i.e. they are integrated in the order of I(1).
Journal of Economic and Financial Studies. Page 8 Once structural breaks were detected by the Perron's unit root test, the Gregory and Hansen (1996) cointegration test was employed to examine the long-run relationship between the variables in the presence of structural breaks and its result are presented in Table 02 . The table result confirms the existence of long run relationship with possible structural breaks among the various forms of individual energy consumption, CO2 emissions, economic activity and trade in India. The study suggests that the energy consumption such as coal, crude petroleum, electricity and natural gas tend to have long-term relation with economic growth, CO2 emissions and trade in India.
Having established the long-run relationship, the next step is to estimate a Granger causality test based on vector error correction model (VECM) and the results are presented in Table 03 . The table results of Vector Error Correction Model for coal consumption reveal that the error correction coefficients of coal, GDP and CO2 are found to be statistically significant at one percentage levels, implying they influence each other in the long-run. In other words, there exists bidirectional relationship between coal consumption, GDP and CO2 emissions in the long-term.
Besides, the results provide evidence of long-run causality running from trade to Coal consumption, GDP and CO2 emissions in India. In the short-run, the VECM results show one-way causality runs from GDP to coal consumption in India. Further, the findings indicate the causation running from CO2 to GDP, and trade to GDP and CO2 emissions in the short-run. With respect to VECM results for crude consumption in India, the findings show that error correction coefficients of crude and trade are found to be statistically significant, implying they influence each other in the long-run. In other words, there exists bidirectional relationship between crude consumption and trade in the long-term. Besides, the results confirm a long-run causality running from GDP to crude consumption and trade in India. In the short-run, bidirectional causality exists between crude consumption and GDP and unidirectional causality runs from CO2 emissions to GDP in India. Besides, the empirical results show crude consumption Granger cause trade in the short run.
With regards to electricity consumption, the error correction coefficients of electricity, GDP and CO2 are found to be statistically significant, implying they influence each other in the long-run. In other words, there exists bidirectional relationship between electricity consumption, GDP and CO2 emissions in the long-term. Besides, the results provide evidence of long-run causality running from trade to electricity consumption, GDP and CO2 emissions in India. In the short run, unidirectional causality runs from GDP to electricity consumption in India. Besides, the short-run unidirectional causality runs from carbon dioxide emissions to economic activity and trade in India.
In the case of natural gas consumption in India, the VECM results show that error correction coefficients of natural gas and trade are found to be statistically significant, implying they influence each other in the long-run. In other words, there exists bidirectional relationship between gas consumption and trade in the long-term. Moreover, the results confirm a long-run causality running from GDP to natural gas consumption and trade in India. In the short-term, unidirectional causality running from gross domestic product to natural gas consumption and carbon dioxide emissions to gross domestic product and trade in India. The VDA of electricity consumption reveals that CO2 emission and GDP accounts for 45.9 and 3.5 percentage of the shock explained by electricity consumption during the 20 th year, respectively. Besides, the electricity consumption, CO2 emission and trade variables explain about 9.2 percentages, 5.4 percentage and 0.5 percentage of the shock in GDP, respectively. The GDP variable account for 67.0 percentage of the shock explained by CO2 emissions and following this, the influence of electricity consumption and trade to variations in the CO2 emission records to only about 4.4 percentage and 1.3 percentage, respectively, during the 20 th period. The response of electricity consumption and CO2 emissions to the shocks in trade records 0.13 and 28.7 percentage on the 20 th period, respectively.
Finally, the results of VDA for the natural gas indicate that the carbon dioxide emissions, GDP and trade accounts for around 8.3 percentage, 10.0 percentage and 7.7 percentage of the variations in gas consumption, respectively, throughout 5-year horizon. Following this, the gas consumption, CO2 and trade explains about 27.9 percentage, 4.5 percentage and 0.5 percentage of the shock in the GDP variable on the 20 th year, respectively. Besides, the economic activity account for 49.3 percentage of the variations in CO2 emission and the percentage of the shocks explained by gas consumption and trade on GDP is seem to be meagre. The gas consumption and CO2 emission variable explains about 16.3 and 1.5 percentage of the shock in the trade during the 20 th year, respectively. By and large, the VDA for the individual sources of energy consumption in relation with economic activity, CO2 emissions and trade appear to be consistent with the results obtained from the VECM discussed above.
Conclusion
The present study attempts to examine the causal nexus between various sources of energy consumption, viz. Coal, Crude Oil, Electricity and Natural Gas, CO2 emissions, economic growth and trade in India using the Perron's (1989) unit root test, Gregory and Hansen (1996) cointegration test and Vector Error Correction Model. The study exhibit the long-run relationship between various sources of energy consumption, economic growth, CO2 emissions and trade in India. The empirical results confirm that the high level of economic activity leads to more use of crude and natural gas energy in the long-term. And reciprocal relationship exists between economic activity and energy use of coal and electricity in the long-run, implying a high level of economic growth leads to a high level of energy consumption of coal and electricity and vice versa. Similarly, the feedback relationship exists between CO2 emissions and consumption of electricity and coal in the long-term.
The study also confirms that foreign trade influences coal and electricity consumption in the long-term, suggesting a high level of foreign trade activity leads to a high level of energy use of coal and electricity in India. In addition, the trade and energy consumption of crude and natural gas are mutually reinforcing in the long-run.
In the short-term, the findings indicate that economic activity influences the consumption of coal, electricity and natural gas, implying a high level of economic growth leads to a high level of coal, electricity and natural gas consumption in India. The study detects short-term feedback relationship between economic activity and crude petroleum consumption. Besides, the short-run causal relationship exists from CO2 emissions to economic activity
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In view of the empirical evidence that economic growth fuels rate of various sources of energy consumption, i.e. coal, crude petroleum, electricity and natural gas in the Indian context, the present study suggests that economy needs to effectively implement energy efficiency measures and investment should be made in renewable energy resources in order to reduce the dependence on fossil fuels for sustainable growth. Although, the increasing levels of CO2 emission positively influence high level of economic activity in India, there is an urgent need of more effective energy conservation policy to reduce the environmental pollution without affecting economic activity.
